A hierarchical genetic framework for risk assessment

of the microbial agent Beauveria bassiana
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Molecular markers enable identification and
genotyping of agronomically important microbes

- Pathogen diagnosis, epidemiology
- Commerce: import (APHIS) and export

- Biocontrol organisms

- Ecology
- Risk Assessment

- Environmental Persistence



Selecting genetic markers

- Variability (Resolution)

- Type
- Number

Constraints to developing genetic markers
- Available genetic resources
- Time

- EXpense



Level of Genetic Resolution Genetic Marker Categories

1) Deep Phylogeny 1) Nuclear protein coding loci (NPCL)
2) Species-level phylogeny 2) NPCL or EPIC/”Epigs”
(Exon-primed intron/intergenic crossing)
3) Intra-specific: phylogeny 3) EPIC
- Phylogeography

- Demographic history

4) Intraspecific- population genetics 4) Microsatellites (SSR), SNPs
- strain genotyping

Nuclear protein coding loci (NPCL) Microsatellite
Exongy _Bxon Exon
) A
Intron Intergenic e.g., CAG, CAG, CAG...
Region ’ ’ ’
EPIC

EPigs



Beauveria bassiana

STORE BETWEEN
32° F AND 85° F

Biocontrol formulations

Generalist entomopathogen



Hierarchical genetic markers for Beauveria
1) Deep phylogeny: phylogenetic systematics (NPCL)
2) Intraspecific phylogeny (EPigs):

B. bassiana phylogeny, biogeography

3) B. bassiana reproductive mode (Mating type loci)

4) B. bassiana population genetics (Microsatellites)



Fungal Tree of Life: AFTOL (http://aftol.org)

Sordariomycetes * —— Hypocreales: Cordycipitaceae
Leotiomycetes (in part) Clavicipitaceae

Lecanoromycetes Ophiocordycipitaceae

Eurotiomycetes* —— Ascosphaeraceae
Lichinimycetes

Dothidiomycetes Ascomycota
Arthoniomycetes

Pezizomycetes

Orbiliomycetes

Saccharomycotina

Taphrinomycotina

Agaricomycotina

Ustilaginomycotina Basidiomycota
Pucciniomycotina * — Septobasidiaceae
Glomeromycota

Mucormycotina

Kickxellales

Harpellales —— Harpellaceae “ ”
Dimargaritales/Neozygites ZygomVCOta
Zoopagales

Entomophthorales *—— Entomophthoraceae
Basidiobolaceae

Blastocladialessxr: = — Coelomomyces
Chytridiomycota * o~y
r Microsporidia* ~ —— Microsporidia | Microsporidia QX
L Rozella/chytrid e =
r Metazoa

™= Choanoflagelida James et al. 2006 Nature

“Chytridiomycota” R




Clavicipitalean Multi-locus Phylogeny

Glomerella cingulate

Bionectriaceae

Nectriaceae

I:Hypomyces
Hypocrea

Torrubiella confragosaa

\ Isaria farinosa

— C. takaomontana

C. militaris

— C. ninchukispora

— C. scarabaeicola

Beauveria bassiana

Beauveria caledonica

C. cardinalis

Aschersonia badia

Hypocrella schizotachyi

| Balansia epichloe

Claviceps paspali

\ Claviceps purpurea
Claviceps fusiformis
Epichloe typhina
Paecilomyces marquandii
Paecilomyces carneus
Metacordyceps sp.
Nomuraea rileyi
Metarhizium album

— Metarhizium flavoviride

M. taii

Metarhizium anisopliae

I:Nomuraea atypicola
Paecilomyces lilacinus
O. capitata
\ _|__EO. ophioglossoides
O. subsessilis

O. heteropoda

M. lingshanensis

M. chlamydosporia
Tolypocladium parasiticum
Pochonia gonioides
O. unilateralis

O. aphodii

O. sobolifera

O. coccidiicola
Hirsutella sp.

O. stylophora

Sung et al. 2007 Studies in Mycology 57:1-63

Hypocreaceae

Cordycipitaceae

<— Beauveria

Clavicipitaceae

<— Metarhizium

Ophiocordycipitaceae

Cordyceps

Ophiocordyceps
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AFTOL-1 NCPL for Beauveria
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Beauveria Species Boundaries and Relationships

- 1200 strain screen

Ackno: R.A. Humber, ARSEF

-5 gene, 7200 bp dataset

1 ARSEF 6213

fos  B. bassiana
;’-\RSEFSOﬂ1

ARSEF 825

ARSEF 269. .

arser 703z B . Ki pu kae *

F621

‘| F638
ARSEF 985

rIP951

IP 780

IP 969

ARSEF 7058

ARSEF 6215 - 4
Arsere214 B. brongniartii
ARSEF 7268
ARSEF 7376
lll ARSEF 2271
ARSEF 2831
ARSEF 4363
ARSEF 4362
ARSEF 617
JE 276
ARSEF 979 d
ARSEF 4 F
neer 1B . australis 4
ARSEF 459 |
ARSEF 4384 2 g
ARsEr4472 B. aslatica *

100/1001106—ARSEF 4850

ARSEF 414P
B518a
arser7se2 B. amorpha
ARSEF 1969 J
ARSEF 264

ARSEF 3220
ARSEF 3405
ARSEF 7242
ARSEF 321!

seseess” B pseudobassiana®

ARSEF 1855

ARSEF 4933
ARSEF 2997

ARSEF 6229
ARSEF 168!

ARSEF 568

ARSEF 704 i
arser 7280B. sSUNQII *
ARSEF 704
ARSEF 728
ARSEF 727
ARSEF 2367
ARSEF 8024
arsersz B caledonica
ARSEF 22514
ARSEF 7117

Arser2922 B, vermiconia
eI B. malawiensis %

IMI228343 |

L

ARSEF 7260saria cicadae

ARSEF 4098 saria tenuipes

— 0.005 substitutionstsi

ARSEF 5050C0rdyceps mitiaris

ARSEF 4029saria farinosa

- species boundaries defined
-7 new species *

- database for species identification

Rehner et al. Mycologia, accepted



Beauveria

ARSEF 617
ARSEF 979
ARSEF 4362
ARSEF 7978
ARSEF 6213
ARSEF 4580
ARSEF 4384
ARSEF 7032
ARSEF 8257
ARSEF 8259
ARSEF 2694

ARSEF 1848
ARSEF 2641
— ARSEF 7542
.E ARSEF 4149
ARSEF 1969

ARSEF 1567

ARSEF 2567

ARSEF 4302
# ARSEF 2251 . .
~ ARSEF 2022 >>80% of all environmental isolates

[r— - ARSEF 7044
ARSEF 7280
ARSEF 7043 : - A 5
ARSEF 7281 - cryptic phvlogenetic diversit
ARSEF 7279 y p p y g y
ARSEF 1685
—— IMI 228343
— L | BCC17613
ARSEF 4755
ARSEF 1855
ARSEF 4933
ARSEF 6229
ARSEF 3529
ARSEF 3216
ARSEF 3220
ARSEF 3405
ARSEF 7242

ARSEF 7246, 7276

= 10 changes



EPigs Markers for B. bassiana
(Exon-primed intergenic-crossing)

—

B I oC 3,_B loc Intergenic Region -

1550 bp

EFutr

1650 bp Intergenic Region —

B Tutr ORF — 5 Bub
1050 bp Intergenic Region e

Rehner et al. JIP 2006, unpubl.
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Mating type genes in the B. bassiana-group

MAT-1
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DNA Lyase MAT 2
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Population genetic markers for B. bassiana

Microsatellite (SSR)

- 18 polymorphic trinucleotide microsatellite markers

- amplify across B. bassiana s.s. complex
- strain-specific genotyping

- population genetic analysis

Rehner & Buckley, MEN 2003 Meyling et al., Mol. Ecol. 2009



Genetic Diversity of Beauveria in Denmark:
Cultivated vs. Adjacent Hedgerow Habitats

Meyling et al. Mol. Ecol. 2009
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Beauveria spp. at Bakkegaarden Site

88

73

KVL 03-141 } Eu_1 Y
100 —
KVL 03-176 A
73 ARSEF 1628 (_ )
KVL 03-84
g5 KVL 03-85 Eu 3
ARSEF 815 -
KVL 03-73 . .
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— 5 changes

® = Reference Isolates

Cordyceps cf. scarabaeicola



Bloc

Environmental Distribution of B. bassiana Isolates

B. brongniartii

- 1 change

Insect Soil/Bait Leaf Surface

13 17/2 2

(Field / Hedgerow)

2 -1 7
11 -14 5
3 _ _
2 _ _



Beauveria infection web: hedgerow insects

Beauveria spp.

Insect spp.

Eu 1l
n=13

Eu 5
n=11

Clade C
n=2

1 2 3 4 5 6 7 8 9

10 11
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Gene Genealogy vs. Multilocus Microsatellite Genotyping

B locus

B. brongniartii

- 1 change

\

N =34

Microsatellites(n=18), Mating Type

Eul MAT1: MAT2 = 31:2

MAT1

MAT1

Eu 3
MAT?2

Eu4
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Summary

B. bassiana:

- includes numerous phylogenetic species
- most species have broad geographic distributions
- occur in multispecies communities, although 1 species usually dominates

- tillage affects community composition

Reproductive mode:

- despite outcrossing mating system, local population structure asexual

- extensive genotypic diversity among strains

Mycotrol:
- detected on 4 continents

- rare lineage, intraspecific recombination unlikely




Into the Future:

- Promote genome sequencing of agronomically important microbes

- Identification resources to enhance knowledge, communication, management

- Network to enhance biocontrol microbial ecology






